Intraocular lenses can be manufactured from a wide variety of polymers, but due to the lost cost associated with the use of Poly(methyl methacrylate) (PMMA), it is still the preferred material used in the developing countries. However, a major drawback to its use is the build-up of calcium containing deposits that are formed on the intraocular lens over a period of time. In an attempt to hinder this deposition, surface modification of medical grade PMMA has been carried out using perfluoroalkyl chain (1,2,4-trifluoro-3-(C 10 F 21 CH 2 O)-7-(N,N)-dimethylaminoacridine) segregation. The segregation was explored using a 1% 1,2,4-trifluoro-3-(C 10 F 21 CH 2 O)-7-(N,N)-dimethylaminoacridine in two methods: film casting and spin-coating, a thin film onto preformed PMMA discs. Both methods were compared against control PMMA to determine which method provided the best hindrance against calcium containing deposits when immersed in a simulated aqueous humour solution. Characterisation of the surface using scanning electron microscopy coupled with energy; dispersive x-ray analysis indicated that the surface segregation of perfluoroalkyl chains had hindered calcification in both methods. This pleminary research shows promising results of employing perfluoroalkyl chains in the surface segregation of biomaterials that can be employed in intraocular lenses.
Introduction
Modification of polymer surfaces can be used to improve the performances of these materials and to pave the way to new technological applications. Wettability is one of the most important properties, which can be modified either both by altering the surface morphology or the surface chemistry. Fluorination of C-H bonds at the surface of hydrophilic materials is a straightforward way to induce repellency toward water and oils [1] [2] , thanks to the chemical inertness and the low coefficient of friction of C-F bonds. These surface induced properties have been already exploited in advanced technological applications such as protective clothing, stain-proof textiles [3] , medical surgery and implants [4] [5] and marine coatings [6] .
The surface modification is particularly appealing in the field of biomaterials, as the specific intrinsic bulk material properties are retained, while those of surfaces can be modified and debugged in order to enhance biocompatibility [7] [8] [9] . Intraocular lenses (IOLs) are used during cataract surgery to replace the opacified crystalline lens, and they can be made from a wide variety of polymeric materials. For example, acrylic-based polymers are routinely used in foldable
IOLs that require only a small incision in the cornea for their insertion. However, due to their relative high costs, many developing countries are still using IOLs manufactured using the more economic poly(methyl methacrylate) (PMMA) [10] [11] . Nevertheless, one of the post-operative drawbacks of PMMA IOLs is opacification along the time, which occurs due to calcium containing deposits building-up on the surface of the IOL [12] [13] [14] . In these lenses, a surface modification that can reduce the calcium containing deposits is particularly attractive since it can contribute to keeping down costs and avoiding the associated trauma of repeat surgeries to remove the opacified/calcified IOL. Surface fluorination, by specific surface chemical reactions, has been routinely applied to biomaterial surfaces to increase the biocompatibility of organic materials with the human body [15] , and recently researchers have assessed the use of direct surface fluorination IOL using plasma techniques employing elemental fluorine [16] . In this latter case, although the plasma fluorination treatment is very aggressive, both the wettability of PMMA surfaces and calcium containing deposits are sensibly reduced. Plasma fluorination is one of the many ways in which surfaces can be modified, and another modification method includes surface segregation. The natural tendency for surface segregation of molecules bearing perfluoroalkyl chains when dispersed in polymers can be exploited to improve the hydro-and lipophobicity of these materials. In IOLs, in addition to an improved hydro-and lypophobicity, the build-up of surface deposits should be sensibly hindered. Indeed the fluorinated surface acts as a barrier to diffusion and Chen et al. [17] have reported that fluorination of PMMA or fluorocarbon coatings on a PMMA surface led to a decrease in surface polarity, thus creating a more hydrophobic surface that would ideally hinder diffusion and surface de- Studies were carried out to test the various methods by which the PMMA can be modified to provide a barrier to diffusion and calcification. The investigation into whether the surface modification could be employed in PMMA fabricated intraocular lenses will be explored, with the intention to consider implementation within the final stages of manufacturing intraocular lenses.
Experimental Details

Materials
All the starting materials were purchased from Aldrich Chemical Co., Alfa Aesar or Fischer Scientific; or Fluorochem for fluorinated reagents. Solvents were of analytical grade and used as received. High molar mass medical-grade PMMA discs (2.5 mm thickness and 10 mm diameter) were used in this study.
Method
The 1,3,4-trifluoro-2-C 10 F 21 CH 2 O-7-(N,N)-dimethylaminoacridine (ACR) has been prepared by reacting the corresponding tetrafluoroacridine with the sodium salt of 1H,1H-perfluoroundecanol according to the protocol reported in the literature [19] . A 1% (Acridine:PMMA) solution was prepared by adding ACR (0.0022 g) to dichloromethane (DCM) (35mL) and stirred for 10 min, after which a PMMA disc (0.2307 g) was added to the solution. After complete dissolution of the disc, the resulting solution (PMMA plus ACR) was used to prepare two different types of samples as indicated below. These samples have been investigated to determine which method was the most efficient in terms of perfluoroalkyl chain surface segregation. All analysis has been completed by com- and sodium lactate (0.5043 g) (Alfa Aesar). 1% sodium hyaluronate solution was prepared by dissolving sodium hyaluronate (0.2500 g) in 25 mL of PBS. 110 µL of this was added to the solution of SAHS. 450 µL of a 30% albumin solution was also added to the solution of SAHS using a pipette, and the solution was mixed thoroughly. The final SAHS obtained was then filtered using Whatman #6 filter paper, the pH was adjusted to be between 6.8 and 7.0 with a few drops of hydrochloric acid (1 M) and stored, until use, in the oven at 35˚C [21] .
The PMMA discs/films doped with ACR and PMMA un-doped discs were individually weighed prior to being immersed separately in SAHS (20 mL) and removed for analysis at staggered time points over a period of approximately 3 weeks. This time point was selected based upon then number of samples available. Prior to all analyses, superficial fluid was removed from sample surfaces by blotting them with filter paper.
Bulk Property Analysis
After removal from the SAHS, each sample was analysed gravimetrically using a 3 decimal place balance, and the weight after immersion was noted in order to calculate the gain/loss weight percentage M t using the following equation (Equation (1)).
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where M d is the initial mass of the sample prior to immersion in the SAHS, and M w is the mass of sample after immersion in SAHS.
Surface Characterisation
The samples were carefully mounted onto Scanning Electron Microscopy (SEM) slides, which were plated with gold. SEM images using a beam current of 1.5 nA were specifically taken of those sample areas where materials seemed to be deposited. The discs were then analysed using energy dispersive x-ray analysis (EDX) (with a detection limit of 0.3 wt% -0.5 wt%), and the peaks labelled on the spectra, including the expected Au (gold plating peak).
Results and Discussion
Gravimetric Analysis
The two batches of samples prepared by the methods above were analysed alongside control PMMA for increases/decreases in mass after immersion in SAHS.
The results are shown in Table 1 .
The gravimetric analysis was carried out over a period of 19 days (456 h), and during this period the thin film and spin-coated samples immersed within the SAHS both exhibited an small initial % increase in mass (Table 1 ). It is likely that this increase may have been caused by solvent damage from the DCM that was used during the dissolution process. During these processes it is likely that pores were created within the PMMA during the fast solvent evaporation process, this was evident from slightly cloudy appearance of the film. Once these pores are exposed to the SAHS these will result in an increase in mass from the pores filling up with SAHS [22] . The minor increase observed in the thin film could be ascribed to a better surface segregation of perfluoroalkyl chain all over the sample, while in spin-coated sample on one face of PMMA disc was treated. This is confirmed by the similar increase in mass of the ACR doped PMMA spin-coated on the preformed PMMA discs and the control PMMA disc. After 192 h, as seen in Figure 2 , the % increase in mass of the spin-coated sample (1.00%) is close to that of the control PMMA (1.20% increase). The spin coated sample was only coated on one side, which resulted in the surface area of the un-coated area of the sample to be far greater than the coated. Therefore, the increase could be accounted for by the un-coated edges being exposed to the SAHS and subsequently causing greater diffusion of water from the SAHS into the PMMA.
The first state in Fickian diffusion, as studied by Crank [23] , is due to water molecules from the environment migrating to the pores, voids and other free volume in the polymer to achieve concentration equilibrium. After this period it is possible for desorption to occur, whereby any non-bonded water molecules diffuse out of the polymer matrix, which can be noted as a decrease in total mass. This decrease was calculated in the thin film PMMA sample doped with perfluoroalkyl-substituted system after being immersed in SAHS for 264 hours.
Thanks to a higher segregation of perfluoroalkyl chains at the surface making it more hydrophobic surface, this likely hinders any further water molecules to absorb into the PMMA sample and consequently should limit the formation of calcium containing deposits on the surface. In addition, in the ACR-doped thin film samples, there would be a greater surface area that could hinder deposition than the spin-coated PMMA sample where only one side was coated and the edges were left un-coated. In Figure 3 is reported a schematic representation of perfluoroalkyl chains segregation on the PMMA surface.
Surface Characterisation
SEM images of all samples were collected after 456 h of immersion in the SAHS to enable the individuation of any deposition on the surface. Subsequently the EDX analysis allows the nature of atoms of both the polymeric matrix and the deposits onto the surface to be characterised. Figure 4 shows the SEM and EDX characterisation of the thin film ACR-doped PMMA after 456 h of immersion in SAHS. The film surface overall appears to be regular and smooth with very little evidences of deposition. There are some areas where deposits look more evident and the EDX analysis identifies that these contain only sodium (Na) and chlorine (Cl). Thus the observed powder-like deposits on the surface are sodium chloride micro-crystals from the SAHS solution. These deposits, however, seem to play no role in the calcification of IOLs, as they are washed off after re-immersion.
The EDX analysis of the deposit-free part of the thin film PMMA surface (area A in Figure 4) shows the expected fluorine (F) peak along with peaks due to the deposits that appear to be more permanent on the surface; which will not be able to be washed off during replenishment of the aqueous humour in the eye. The corresponding EDX shows that these deposits contain calcium and sodium.
Conclusions
Surface modification is commonly used in industry to exploit the bulk property of a material; for example, petrol tanks are lined with a modified surface con- The results so far (in vitro) have indicated that when these modified samples are exposed to the aqueous humour, they can reduce, if not hinder deposition. This means that the lifetime of the intraocular lens could be improved. The full extent of the advantages that accompany the modification will only be fully understood after further analysis has been carried out.
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